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Description 

The present invention relates to electret con- 
denser microphones for use in various audio equip- 
ment , telephones, etc. 5 

Electret condenser microphones are of two basic 
types: (1) wheel electret, having a vibratory dia- 
phragm formed of an electret; and (2) back electret. 
having an electret fixed by fusing, for example, to a 
fixed electrode. io 

One such prior wheel electret condenser micro- 
phone will be described below with reference to Fig. 
16 of the accompanying drawings. The wheel electret 
condenser microphone includes a cup-shaped metal- 
lic case 1 having a top end wall la with a plurality of is 
sound-receiving apertures lb. A metal ring 2 is se- 
cured to an inner surface of the end wall la and a 
stretched vibratory diaphragm 3 is fixed to an end 
face of the metal ring 2. The vibratory diaphragm 3 
has a deposited metal film 3a on its one surface fac- 20 
ing the end face of the metal ring 2. The vibratory dia- 
phragm 3 is separated by a spacer ring 4 from a fixed 
bacic plate or counter electrode 5 so that the dia- 
phragm 3 and the counter electrode 5 forms a con- 
denser 6 whose capacity varies with the vibrations of 25 
the diaphragm. The counter electrode 5 has pres- 
sure-equalizing holes 5a communicating with a rear 
cavity 7 behind the counter electrode 5 to equalize 
static pressure across the diaphragm 3. The rear cav- 
ity 7 is defined by a cup-shaped insulating support 8, 30 
which fixedly supports on its open end the counter 
electrode 5 and electrically separates the counter 
electrode 5 from the metallic case 1 and the dia- 
phragm 3. Afield-ef feet transistor (FET) 9 used for inv 
pedance conversion is disposed in the rear cavity 7 35 
and electrically connected with the counter electrode 
5 via an input lead 9a. The input lead 9a has one end 
which is either held in contact with the counter elec- 
trode 5 or fixed by spot welding to the counter elec- 
trode 5, The field-effect transistor 9 has an output 40 
lead 9b connected by soldering to a printed-circuit 
board 10 on which the insulating support 8 is mount- 
ed. The printed-circuit board 10 carrying thereon the 
insulating support 8, the field-effect transistor 9 and 
the counter electrode 5 is assembled with the cup- 45 
shaped metallic case 1 by clinching an open end edge 
1c of the metallic case 1 over and around the periph- 
ery of the printed-circuit board 10, with all the compo- 
nents 5, 8, 9 received in the metallic case 1 . 

Fig. 17 is an exploded view of the prior electret so 
condenser microphone shown in Fig. 6, with parts 
shown upside down for a purpose of illustration of the 
manner in which the microphone is assembled. The 
fixed counter electrode 5, the insulating support 8. 
the field-effect transis tor 9 (not shown in this figure ss 
as it is mounted in the insulating support 8), and the 
printed-circuit board 10 are assembled together into 
a preassembled built-in amplifier block. In assembly, 



the metal ring 2 carrying on its upper end face the dia- 
phragm 3, the spacer ring 4, and the amplifier block 
having the counter electrode 5 facing downward are 
placed in the cup-shaped metallic case 1 successive- 
ly in the order named. Then an open end edge of the 
metallic case 1 is bent into an inwardly curled edge 1c 
(Fig. 16) firmly clinched over and around the periph- 
ery of the printed-circuit board 10. The electret con- 
denser microphone is thus assembled. 

With this construction, when the diaphragm 3 of 
the electret condenser microphone is vibrated by 
acoustic pressures impinging thereon through the 
sound-receiving apertures lb. the diaphragm 3 pro- 
duces a capacitance change between the diaphragm 
3 and the fixed counter electrode 5 of the condenser 
6. Since the electrical impedance of the condenser 
microphone is relatively very high at audio frequen- 
cies, a direct current electric field is applied in which 
instance the field-effect transistor 9 is used as an im- 
pedance converter. 

As described above, the fixed counter electrode 
5 is structurally separated from the metallic case 1 
and in order to fomri a condenser 6 by and between 
the fixed counter electrode 5 and the vibratory dia- 
phragm 3, the spacer ring 4 must be disposed be- 
tween the counter electrode 5 and the diaphragm 3. 
The prior art electret condenser microphone thus con- 
structed has a relatively large number of component 
parts, is complicated in construction, requires a lime- 
consuming assembly and is costly to manufacture. 
Furthermore, with this large number of components 
retained in the case 1, there is provided only a small 
room available for the formation of the rear cavity 7. 

With the foregoing drawbacks of the prior art in 
view, it is an object of the present invention to provide 
an electret condenser microphone which has fewer 
structural components and is simpler in construction 
and hence can be manufactured at a lower cost. 

US-A-3,833.770 discloses a device which uses 
three electrodes of which the central one is an elec- 
tret. Previous devices which only used two electrodes 
had difficulty in eliminating the second harmonics 
produced. The third electrode used in US-A- 
3,833.770 eliminates the harmonics generated by the 
other electrodes. US-A- 3812575 relates to a proce- 
dure for manufacture of an electret microphone. 

According to the present invention there is provid- 
ed an electret condenser microphone comprising a 
cup-shaped metallic case including an end wall hav- 
ing a plurality of sound-receiving apertures, formed 
therein a metal ring received in said metallic case, a 
vibratory diaphragm having on one surface hereof a 
deposited metal film and bonded to an end face of 
said metal ring, said vibratory diaphragm confronting 
said end wall with an air gap defined between at least 
part of said end wall and at least part of said dia- 
phragm, said metal film forming a movable electrode 
of a condenser also comprising a fixed counter elec- 



2 



3 



EP 0 371 620 B1 



4 



trode 

characterised in that said fixed counter elec- 
trode comprises at least a part of said end wall of said 
metallic case. 

The metal ring need not be a complete ring - other 5 
shapes are possible. The opposite end face of the 
metal ring may have a stepped portion in which an in- 
put lead of a field-effect transistor is received and 
gripped by and between the metal ring and a printed- 
circuit board on which the field-effect transistor is io 
mounted for impedance conversion. 

Since the field-effect transistor may be directly 
mounted on the printed-circuit board as a single am- 
plifier unit or block, it is no longer necessary to as- 
semble the field-effect transistor with a fixed counter is 
electrode fonming a part of the condenser, an insulat- 
ing support, and the printed-circuit board as in the pri- 
or art electret condenser microphone. 
Furthermore, the input lead of the field-effect transis- 
tor may be electrically connected to the metal ring 20 
with utmost ease. With the invention, the electret con- 
denser microphone is simple in construction, can be 
assembled easily and can be manufactured at lower 
cost. 

The above and other objects, features and ad- 25 
vantages of the present invention will become more 
apparent from the following description when making 
reference to the detailed description and the acconv 
panying sheets of drawings in which preferred struc- 
tural embodiments incorporating the principles of the 30 
present invention are shown by way of illustrative ex- 
ample. 

Fig. 1 is a cross-sectional view of an electret con- 
denser microphone according to the present in- 
vention; 35 
Fig. 2 is an exploded view of the electret con- 
denser microphone shown In Fig. 1; 
Fig. 3 is an equivalent circuit diagram of the elec- 
tret condenser microphone of Fig. 1; 
Fig. 4 is a perspective view of a tubular metal ring 40 
for used in the electret condenser microphone ac- 
cording to a modification of the present invention; 
Fig. 5 is an exploded perspective view of another 
form of the modified tubular metal ring; 
Fig. 6 is a perspective view of a modified tubular 45 
metal ring formed from a sheet metal; 
Fig. 7(a) is a plan view of a sheet metal from 
which the tubular metal ring of Fig. 6 is formed; 
Fig. 7(b) is a front end view of Fig. 7(a); 
Fig. 8 is a bottom view of the tubular metal ring 50 
shown in Fig. 6, illustrating the manner in which 
the sheet metal shown in Fig. 7(b) is bent by roil- 
ing into a tubular metal ring; 
Fig. 9(a) is an enlarged cross-sectional view of a 
part of the electret condenser microphone shown 55 
in Fig. 1; 

Fig. 9(b) is a view similar to Fig. 9(a). but showing 
a modified arrangement of a cup-shaped metallic 



case and a tubular metal ring for preventing insu- 
lation failure; 

Fig. 9(c) is a view similar to Fig. 9(a), but showing 

another modified arrangement of the metallic 

case and the tubular metal ring; 

Fig. 10 is a cross-sectional view of an electret 

condenser microphone according to another env 

bodiment of the present invention; 

Fig. 11 is a plan view of Fig. 10; 

Fig. 12 is an enlarged cross-sectional view of a 

part of the electret condenser microphone shown 

in Fig. 10; 

Fig. 13 is a cross-sectional view of an electret 
condenser microphone according a further enrv 
bodiment of the present invention; 
Fig. 14 is a view similar to Fig. 3, but showing an 
electret condenser microphone according to still 
another embodiment; 

Fig. 15 is a cross-sectional view of an electret 
condenser microphone according to another em- 
bodiment of the present invention; 
Fig. 1 6 is a cross-sectional view of a prior electret 
condenser microphone; and 
Fig. 17 is an exploded view of the prior electret 
condenser microphone. 

Referring now to the drawings, wherein like ref- 
erence characters designate like or conresponding 
parts throughout the several views, Fig. 1 shows an 
electret condenser microphone according a first em- 
bodiment of the present invention. 

The electret condenser microphone includes a 
cup-shaped metallic case 11 made of aluminum, for 
example, and having an end wall 11a closing one end 
of the cup-shaped metallic case 11 . The end wall 11a 
has a central recess lib in its inside surface, which 
is formed by bulging a central portion 11c of the end 
wait 1 1 a. The recess 1 1 b has a depth of about several 
tens urn. The bulged central portion 11c of the end 
wall 11a has a plurality of sound-receiving apertures 
1 1d for the passage therethrough of sound waves. A 
tubular metal ring 12 is disposed in the cup-shaped 
metallic case 11. The metal ring 12 is made of stain- 
less steel for example and supports on its one sur- 
face a thin stretched vibratory diaphragm 13. The vi- 
bratory diaphragm 13 is formed of a synthetic resin 
such as f luorinated ethylene propylene and has on its 
one surface a deposited metal film 13a made of nick- 
el, for example. A peripheral edge portion of the de- 
posited metal film 13a is bonded to the end face of the 
metal ring 12 to assemble the vibratory diaphragm 13 
with the metal ring 12 while the vibratory diaphragm 

13 is kept in stretched condition. The metal ring 12 is 
stepped in its opposite end face so as to form an an- 
nular recess 12a facing an internal space of the metal 
ring 12, the internal space constituting a rear cavity 

14 extending behind the vibratory diaphragm 13. A 
field-effect transistor (FET) 1 5 used as an impedance 
conversion element is nwunted on a printed-circuit 
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board 16 and received in the rear cavity 14. The FET 
1 5 has three lead terminals, namely a source terminal 
(not shown), a drain terminal 15a, and a gate terminal 
15b. The source terminal and the drain tenminal 15a 
of FET 15 extends through holes in the printed-circuit 5 
board 16 and are soldered (as at 17) to conductors 
formed on the under surface of the printed-circuit 
board 16. The gate temnlnal 15b of FET 15 is received 
in the recess 12a of the metal ring 12 and gripped by 
and between the metal ring 12 and the printed-circuit io 
board 1 6. The gate terminal 1 5b thus retained is elec- 
trically connected to the deposited metal film 13a of 
the vibratory diaphragm 13 via the metal ring 12. The 
printed-circuit board 16 is received in the cup-shaped 
case 11 and assembled with the latter by an inwardly 15 
curled open end edge lie firmly clinched over and 
around a peripheral edge of the printed-circuit board 
16. 

With this construction, the bulged central portion 
11c of the end wall 11a constitutes a fixed electrode 20 
of a variable capacitor or condenser 18, a movable 
electrode of the condenser 18 being formed by the vi- 
bratory diaphragm 13 disposed Immediately below 
the bulged central portion lie and separated there- 
from by an air gap 1 9 defined by the recess 1 1 b in the 25 
end wall 11a. The arrangement of the movable and 
fbced electrodes 13, 11c of the condenser 18 is oppo- 
site to the arrangement of the movable and fixed elec- 
trodes 3, 5 of the condenser 6 of the prior elect ret con- 
denser microphone shown in Fig. 16. Since the air 30 
gap 19 is communicated with the outside air through 
the sound-receiving apertures lid, the sound- 
receiving apertures 11d may lower a shield effect 
against induction noises such as a hum. However, the 
present inventors have experimentally confirmed the 35 
fact that the noise shield characteristic of the con- 
denser microphone does not change when the elec- 
tret condenser microphone of about 10 mm diameter 
is provided with 6 (six) or less number of sound- 
receiving apertures 11 d having a diameter of about 40 
0.5 mm. 

The elect ret condenser microphone of the fore- 
going construction is assembled as follows. After the 
vibratory diaphragm 13 is bonded to one end face of 
the tubular metal ring 12. an amplifier unit or block 45 
composed of the FET 15 mounted on the printed-cir- 
cuit board 16 Is secured to an opposite end face of the 
tubular metal ring 12, with the FET 15 received in an 
internal space of the metal ring 12, as shown in Fig. 
2. Then, the metal ring 15 assembled with the ampli- so 
fier block is placed onto the end wall 11a of the cup- 
shaped metallic case 11 with the vibratory diaphragm 
13 facing forward until the printed-circuit board 16 is 
fully received in the metallic case 11. In this instance, 
the gate terminal 1 5b (Fig. 1 ) is received in the recess 55 
12a in the metal ring 12 and firmly gripped by and be- 
tween the metal ring 12 and the printed-circuit board 
16. Thereafter, an open end edge of the cup-shaped 



metallic case 11 is bent inwardly into an inwardly 
curled edge 11e (Fig. 1) firmly clinched over and 
around a peripheral edge of the printed-circuit board 
16. An electret condenser microphone identical to 
one shown in Fig. 1 is thus completed. 

Fig. 3 shows an equivalent electric circuit dia- 
gram of the electret condenser microphone shown in 
Fig. 1. When the vibratory diaphragm 13 is displaced 
by sound pressures impinging thereon through the 
sound-receiving apertures lid in the end wall 11a of 
the metallic case 11 , the vibratory diaphragm 13 pro- 
duces a capacitance change between the diaphragm 
13 and the bulged central portion 11c of the end wall 
11a that jointly form the condenser 18. The electrical 
output of the condenser 18 variable with the motion 
of the diaphragm 13 is amplified through impedance 
conversion by the FET 15, then the amplified output 
appears between an output terminal (OUT) and an 
earth temnlnal (E). In the electric circuit shown in Fig. 
3, a resister designated by R is connected at its one 
end to a DC power supply (+V) and at the other end 
to the drain tenminal (D) of FET 1 5. Likewise, a capac- 
itor designated by C is connected at its one end to the 
output terminal (OUT) and at the other end to the 
drain terminal (D) of FET 15. 

Fig. 4 shows a modified form of the tubular metal 
ring 12 which is substantially the same of the metal 
ring 12 shown in Fig. 1 with the exception thatone end 
face of the modified metal ring 12 is toothed and has 
a plurality of alternate radial recesses 12a-1 and ribs 
12a-2 circumtferentially spaced at equal intervals. 
When the metal ring 12 is assembled with the ampli- 
fier block, the gate tenminal 15b (Fig. 1) of FET 15 is 
received in one of the recesses 12a-1 and firmly grip- 
ped by and between the metal ring 12 an the printed- 
circuit board 16. 

A modified tubular metal ring 12 shown in Fig. 5 
is flat at its opposite end faces. The modified metal 
ring 1 2 is used in combination with a circular disc 12b 
fixedly connected to one end face of the metal ring 1 2. 
The disc 12b is formed of an Insulating material and 
has a rectangular central opening 12b-1 and a radial 
groove 12b-2 extending from the central opening 
12b-1 to an outer peripheral surface of the disc 12b. 
When the amplifier block is assembled with the metal 
ring 12 to which the disc 12b has been connected, the 
FET 15 is partly received in the central opening 12b- 
1 of the disc 12b and the gate terminal 15b of FET 15 
firmly retained in the radial groove 12b-2 by and be- 
tween the metal ring 12 and the printed-circuit board 
16. 

Fig. 6 shows another modified form of the tubular 
metal ring 12 according to the present invention. The 
modified metal ring 12 is formed of an elongate sheet 
metal 12c shown in Fig. 7(a) bent or curled into a tut>- 
ular ring shape. The elongate sheet metal 12c has a 
plurality of recesses 1 2c-1 formed along one longitu- 
dinal edge thereof. Opposite end edges 12o-2 of the 
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sheet metal 12c are beveled as shown in Fig. 7(b) so 
that the beveled end edges 12c-2 can be met closely 
together at a joint area 1 2c-3 (Fig. 6) when the sheet 
metal 12c is shaped into a tubular fonm through a 2- 
stage curing operation. At a first stage of the curing, 
the sheet metal 12c is bent about a mandrel (not 
shown) into a U shape as indicated by broken lines in 
Fig. 8. Then, at a second or final stage of the curing, 
the U-shaped sheet metal 12c is further bent around 
the mandrel into a tubular shape. In this instance, the 
beveled end edges 12o-2 of the sheet metal 12c en- 
gage flatwise together at the joint area 1 2o-3 without 
a clearance therebetween. The tubular metal ring 12 
thus obtained then supports on its flat end face a vi- 
bratory diaphragm 13. During assembly with an anv 
plifier block, the gate terminal 15b (Fig. 1) of a FET 
1 5 is received in one of the recesses 1 2o-1 and firmly 
retained by and between the metal ring 12 and a print- 
ed-circuit board 16 of the amplifier block. The metal 
ring 12 formed by curing or bending can be manufac- 
tured less costly than both of the metal ring 12 shown 
in Fig. 4 and the combination of the metal ring 12 and 
the disc 12b shown in Fig. 5. 

Refemng back to Fig. 1 , the vibratory diaphragm 
1 3 carried on one end face of the metal ring 1 2 is held 
against the inside surface of the end wail 11a. Since 
the respective outer peripheral edges of the vibratory 
diaphragm 1 3 and the metal ring 1 2 are located close- 
ly to an annular side wall 11f of the cup-shaped met- 
allic case 11, the deposited metal film 13a of the vi- 
bratory diaphragm 12 or the metal ring 12 may en- 
gage an annular side wall 11f of the metallic case 11, 
causing a short or insulation failure. In order to avoid 
shorting, there is provided a sloped annular surface 
11g (Fig. 9) at an inside corner defined by and be- 
tween the end wall 11a and the side wall 11f of the 
metallic case 1 1 . When the metal ring 1 2 as it is insert- 
ed into the metallic case 11 is displaced off center rel- 
ative to the metallic case 11 , the outer peripheral edge 
of the vibratory diaphragm 13 engages the sloped 
surface 11g of the metallic case 11 whereupon the vi- 
bratory diaphragm 13 and the metal ring 12 are 
caused by the sloped surface 11g to move back to- 
ward the central axis of the metallic case 11. With the 
sloped surface 11g thus provided, the deposited met- 
al film 13a and the metal ring 12 are held out of con- 
tact with the side wall 11f of the metallic case 11 and 
hence an objectionable shorting or insulation failure 
can be avoided. 

Fig. 9(b) shows a modified arrangement for insu- 
lation failure protection, which includes an annular 
step 12d formed at an upper peripheral edge of the 
metal ring 12. With the annular step 12d thus provid- 
ed, the diameter of the vibratory diaphragm 13 ex- 
ceeds the outside diameter of the stepped upper per- 
ipheral edge of the metal ring 12 and hence an outer 
peripheral edge portion 13b of the vibratory dia- 
phragm 1 3 projects radially outwardly from the step- 



ped upper peripheral edge of the metal ring 1 2. When 
the metal ring 12 is inserted into the metallic case 11, 
the outer peripheral edge portion 13b of the vibratory 
diaphragm 13 engages an sloped annular surface 
5 11g of the metallic case 11, then is caused to bend 
downwardly toward the annular step 12d. The outer 
peripheral edge portion 13b thus bent acts as an in- 
sulator between the deposited metal film 1 3a and the 
metallic case 11 and also between the metal ring 12 
10 and the metallic case 11 . 

Another modified form of the insulation failure 
protecting arrangement shown in Fig. 9(c) includes a 
vibratory diaphragm 1 3 having a diameter larger than 
the outside diameter of a metal ring 12. With this dif- 
15 ference in diameter, an outer peripheral edge portion 
1 3b of the vibratory diaphragm 1 3 projects outwardly 
from the outer periphery of the metal ring 12. The out- 
er peripheral edge portion 13b is bent toward the met- 
al ring 12 when it engages the sloped annular surface 
20 11g of the metallic case 11. The deposited metal film 
13a of the vibratory diaphragm 13 and the metal ring 
12are held out of contact with the metallic case 11 by 
means of an insulating member which is composed of 
the bent outer peripheral edge portion 13b of the vi- 
25 bratory diaphragm 1 3. 

Fig. 10 shows a modified electret condenser mi- 
crophone according to the present invention. The 
modified electret condenser microphone similar to 
the electret condenser microphone shown in Fig. 1 
30 but differs therefrom in that the end wall 11 a of a cup- 
shaped metallic case 11 has a plurality of projections 
(three in the illustrated embodiment as shown in Fig. 
11) 11h on its inside surface. The projections 11 h 
have a height of about 40^i to 60n and urge portions 
35 of the vibratory diaphragm 1 3 downwardly away from 
the end wall 11a so as to provide an air gap 19 be- 
tween the end wall 11a and the vibratory diaphragm 
13. The end wall 11a and the vibratory diaphragm 13 
thus separated by the air gap 19 jointly fonm a con- 
40 denser or capacitor 1 8 whose capacitance is variable 
with the motion of the vibratory diaphragm 13. Stated 
more specifically, the cup-shaped metallic case 11 is 
made of aluminum, for example, and has a plurality 
(four in the illustrated embodiment) of sound- 
45 receiving apertures lid fonmed in the end wall 1 1 a in 
staggered relation to the projections 11 h. The projec- 
tions 11 h are fonmed by inwardly swelling portions of 
the end wall 11a by means of a tool such as a punch. 
The projections 11 h are disposed in a same circle 
50 having a center aligned with the central of the end wall 
11a and they are circumferentially spaced at equal 
angular intervals. An tubular metal ring 12 made for 
example of stainless steel is disposed in the metallic 
case 11 and carries on its one end face the vibratory 
55 diaphragm 13. The vibratory diaphragm 13 is formed 
of a fluorine resin and has on its one surface a depos- 
ited metal film 13a made of nickel. The vibratory dia- 
phragm 13 is bonded to the end surface of the metal 
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ring 12 with the deposited metal film 13a interposed 
therebetween. An impedance conversion element 
comprised of an field-effect transistor 15 is mounted 
on a printed-circuit board 16 and has a drain terminal, 
not shown, and a source terminal 15a extending 5 
through holes In the printed-circuit board 16 and sol- 
dered as at 17 to conductors fomned on the under sur- 
face of the printed-circuit board 16. The field-effect 
transistor 1 5 further has a gate terminal 1 5b received 
In one of a plurality of circumferentially spaced re- io 
cesses 12a-1 fomned in an opposite end face of the 
metal ring 12. The gate terminal 15b thus received in 
the recess 12a-1 is firmly gripped by and between the 
metal ring 12 and the printed-circuit board 16. The 
printed-circuit board 16 is clinched with an Inwardly 15 
curled open end edge lie of the cup-shaped metallic 
case 11, with the field-effect transistor 15 disposed 
within an internal space of the metal ring 12. 

In assembly, the vibratory diaphragm 13 is bond- 
ed to one end face of the metal ring 12, then the an 20 
amplifier unit or block composed of the field-effect 
transistor 15 mounted on the printed-circuit board 16 
is secured to the opposite end face of the metal ring 
1 2. In this instance, the gate terminal 1 5b of the field- 
effect transistor 15 is firmly retained In the recess 25 
1 2a-1 by and between the metal ring 12 and the print- 
ed-circuit board 16. The metal ring 12 assembled with 
the amplifier block is inserted into the metallic case 
11 with the vibratory diaphragm 13 facing forward. 
During that time, a sloped annular surface 11g of the 30 
metallic case 11 centers the metal ring 12 upon en- 
gagement with an outer peripheral edge of the vibra- 
tory diaphragm 13. Then, an open end edge of the 
cup-shaped metallic case 11 is bent into an inwardly 
curled edge lie finmly clinched over and around the 35 
peripheral edge portion of the s printed-circuit board 
1 6, thereby assembling the electret condenser micro- 
phone shown in Fig. 10. In this assembled condition, 
the projections 11h on the end wall 11a urge portions 
of the vibratory diaphragm 13 away from the end wall 40 
11a so as to provide the air gap 19 between the end 
wall 11a and the vibratory diaphragm 13 that consti- 
tute fixed and movable electrodes of the variable con- 
denser 18. 

Fig. 12 shows a portion of a modified electret 45 
condenser microphone which is substantially the 
same as the one shown in Fig. 10 except the position 
of the projections 11 h. The projections 11h are dis- 
posed on a same circle whose center is aligned with 
thecenterof the end wall 11aof the cup-shaped met- so 
allic case 11. This circle has a diameter such that the 
projections 1 1 h are located closely to the inner periph- 
eral edge of the metal ring 12. The projections 11 h 
thus arranged serve as positioning means for center- 
ing the metal ring 12 with respect to the central axis 55 
of the metallic case 11. With the positioning means 
thus provided, the deposited metal film 13a of the vi- 
bratory diaphragm 1 3 and the metal ring 1 2 is held out 



of contact with the metallic case 11. 

Another modified electret condenser micro- 
phone shown in Fig. 13 is substantially identical to the 
one shown in Fig. 10 with the exception that the end 
wall 11a of the cup-shaped metallic case 11 has only 
one projection 11h on its inside surface. The projec- 
tion 11 is located at the center of the end wall 11a and 
urges a central portion of the vibratory diaphragm 13 
away from the end wall 11a so as to define an air gap 
18 between the end wall 11a and the vibratory dia- 
phragm 13. 

Fig. 14 shows a modified form of the electret con- 
denser microphone according to the embodiment 
shown in Fig. 13. The modified electret condenser mi- 
crophone includes a ring plate 20 bonded at its one 
side to an outer peripheral edge of the vibratory dia- 
phragm 13 and secured at Its opposite side to a re- 
cessed end surface of the tubular metal ring 12. 

A still further modified electret condenser micro- 
phone shown in Fig. 15 includes a spacer ring 21 dis- 
posed between an end wall 11a of a cup-shaped met- 
allic case 11 and the vibratory diaphragm 13 bonded 
to one end face of the metal ring 12, so as to provide 
an air gap 19 between the end wall 11a and the vibra- 
tory diaphragm 13 that constitute fixed and movable 
electrodes of a variable condenser or capacitor 18. 
The spacer ring 21 thus provided obviates the need 
for the gap-forming recess 11b or the gap-formingc 
projection 11 h as required in the electret condenser 
microphones according to any of the foregoing em- 
bodiments. 

As described above, at least a portion of the end 
wall 11a of the cup-shaped metallic case 11 consti- 
tutes a f ixed electrode of a condenser 18. The use of 
such end wall 11a makes a separate fixed electrode 
unnecessary and hence the number of components 
of the electret condenser microphone is reduced. 
Consequently, the electret condenser microphone Is 
simple in construction and suited for automated pro- 
duction, and hence can be manufactured at a low 
cost. Furthermore, since the fixed electrode Is no lon- 
ger required to be disposed in the metallic case 11, 
there is provided a large room available for the forma- 
tion of a rear cavity 14 behind the vibratory diaphragm 
13. With this large rear cavity 14, the sensitivity of the 
microphone is improved. Accordingly, when manufac- 
turing an electret condenser microphone having a 
same sensitivity as the conventional one, a substan- 
tial reduction of the overall size of the microphone can 
be obtained. 

Obviously various minor changes and modifica- 
tions of the present invention are possible in the light 
of the above teaching. It is therefore to be understood 
that within the scope of the appended climes the in- 
vention may be practiced otherwise than as specifi- 
cally described. 
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Claims 

1 . An electret condenser microphone comprising a 
cup-shaped metallic case (11) including an end 
wall (lla) having a plurality of sound-receiving 5 
apertures (lid) fonnried therein, a metal ring (12) 
received in said metallic case (11), and a vibrato- 
ry diaphragm (13) having on one surface thereof 

a deposited metal film (13a) being bonded to an 
end face of said metal ring (12), said vibratory io 
diaphragm (13) confronting said end wall (11a) 
with an air gap (19) defined between at least part 
of said end wall (1 1 a) and at least part of said dia- 
phragm (13), said metal film (1 3a)fonming a mov- 
able electrode of a condenser also comprising a is 
fixed counter electrode 

characterised In that said fixed counter 
electrode comprises at least a part of said end 
wall (11a) of said metallic case (11). 

20 

2. An electret condenser microphone as claimed in 
daim 1, wherein a portion (11c) of the inside sur- 
face of said end wall (11a) is recessed and, ex- 
cept for said recessed portion (11c) said end wall 
(11a) is held in contact with said vibratory dia- 25 
phragm (13). said recessed portion (11c) consti- 
tuting said fixed counter electrode. 

3. An electret condenser microphone as claimed in 
daim 1 wherein said end wall (11a) has a projec- 30 
tion (11h) on its inside surface, said projection 

(11 h) being held in pressured contact with a por- 
tion of said vibratory diaphragm (13) to urge said 
vibratory diaphragm away from said end wall 
(11a) so as to provide said air gap (19) between 35 
said at least part of said end wall (11a) and said 
at least part of said vibratory diaphragm (13). 

4. An electret condenser microphone as claimed in 
daim 1, 2 or 3, wherein said metal ring (12) is 40 
formed from sheet metal (12c) bent into a tubular 

ring form. 

5. An electret condenser microphone as claimed in 
daim 1 . 2, 3 or 4, further induding a printed-cir- 45 
cuit board (16) having an impedance conversion 
element (15) mounted thereon, said printed-cir- 

cuit board (16) being received in said cup-shaped 
metallic case (11) and secured to an opposite end 
face of said metal ring (1 2), said impedance con- so 
version element (15) having a terminal (15b) held 
in contact with said metal ring (12). 

6. An electret condenser microphone as claimed in 
daim 5, wherein said impedance conversion ele- 55 
ment (1 5) comprises a field-effect transistor, said 
field-effect transistor (15) having a gate terminal 
(15b) held in contact with said metal ring (12). 



7. An electret condenser microphone as claimed in 
claim 5 or 6, said impedance conversion element 
(15) being disposed in said cup-shaped metallic 
case (11), said cup-shaped metallic case (11) 
having an inwardly curled open end edge (11e) 
firmly dinched over and around a peripheral edge 
of said printed-circuit board (16). 

8. An electret condenser microphone as daimed in 
claim 5, 6 or 7 wherein said metal ring (12) has a 
recess (12a; 12a-1; 12c-1) in said opposite sur- 
face thereof, said terminal (15b) of said impe- 
dance conversion element (15) being received in 
said recess (12a, 12a-1; 12c-1) and gripped by 
and between said metal ring (12) and said print- 
ed-circuit board (16). 

9. An electret condenser microphone as claimed in 
claim 5,6 or 7 further induding a drcular disc 
(12b) formed of an insulating material and se- 
cured between said opposite end face of said 
metal ring (12) and said printed-circuit board (16), 
said circular disc (12b) having a central opening 
(12b-1) and a radial groove (12b-2) extending 
from said central opening (12b-1) to a peripheral 
surface of said circular disc (12b). said tenminal 
(1 5b) of said impedance conversion element (1 5) 
being received in said radial groove (12b-2) and 
gripped by and between said metal ring (12) and 
said printed-circuit board (16). 

10. An electret condenser microphone as daimed in 
any one of the preceding daims wherein said 
cup-shaped metallic case (11) has a sloped sur- 
face (11 g) at an inside corner defined between 
said end wall (11a) and an annular side wail (11f) 
of said metallic case (11). 

11. An electret condenser microphone as claimed in 
any one of the preceding daims wherein said vi- 
bratory diaphragm (13) has a diameter larger 
than the outside diameter of said metal ring (12) 
and indudes a peripheral edge portion (13b) pro- 
jecting outwardly from said metal ring (12) and 
bent toward said metal ring (12). 

12. An electret condenser microphone as daimed in 
anyone of the preceding daims wherein said end 
wall (11a) has a plurality projections (11h) on its 
inside surface, and projections (11h) urging por- 
tions of said vibratory diaphragm (13) away from 
said end wall (11a) so as to provide said air gap 
(19) between said vibratory diaphragm (13) and 
said end wall (11a). said projections (11 h) consti- 
tuting means for positioning said metal ring (12) 
relative to said metallic case (11). 

13. An electret condenser microphone as claimed in 
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any one of the preceding claims further including 
a spacer ring (21) disposed between said end 
wall (11a) of said metallic case (11) and said vi- 
bratory diaphragm (13). 



Patentanspruche 

1. Elektret- Kondensatormlkrofon mit einem be- 
cherformigen Metallmantel (11), der eine Stirn- io 
platte (11a) mit einer Vielzahl von in diese einge- 
arbeiteten SchalleinlaB- Offnungen (11d) auf- 
weist, mit einem von dem Mantel (11) aufgenom- 
menen Metallring (12) und mit einer Schwing- 
membran (13), auf deren einer Oberflache ein is 
Metallfilm (13a) aufgebracht ist,deran eine Stirn- 
flache des Metallrings (12) gebondet 1st, wobei 

die Schwingmembran (13) gegenuber der Stirn- 
platte (11a) mit einem Luftspalt (19) zwischen 
wenigstens einem Tell der Stirnplatte (11a) und 20 
wenigstens einem Teil von der Schwingmembran 
(13) festgelegt ist und wobei der Metallfilm (13a) 
eine bewegliche Elektrode eines Kondensators 
bildet, zu dem auch eine feststehende Gegen- 
elektrode zahit, dadurch gekennzeichnet, da& 25 
zu der feststehende Gegenelektrode wenigstens 
ein Teil der Stirnplatte (11a) des Mantels (11) ge- 
hort. 

2. Kondensatormlkrofon nach Anspruch 1, bei dem 30 
ein Abschnitt (11c) der Innenflache der Stirnplat- 
te (11a) vertieft ist und bei dem die Stirnplatte 
(11a) mit Ausnahme des vertieften Abschnitts 
(11c) in Kontakt mit der Schwingmembran (13) 
gehalten ist, wobei der vertiefte Abschnitt (11c) 35 
die feststehende Gegenelektrode bildet 

3. Kondensatormlkrofon nach Anspruch 1 , desssen 
Stirnplatte (11a) auf seiner Innenflache einen 
Vorsprung (11 h) aufweist, der mit einem Ab- 40 
schnitt der Schwingmembran (13) in Druckver- 
bindung steht, urn die Schwingmembran (13) von 

der Stirnplatte (11a) wegzudrangen und so den 
Luftspalt (19) zwischen der wenigstens einfach 
vorgesehenen Stirnplatte (11a) und der wenig- 45 
stens einfach vorgesehenen Schwingmembran 
(13) zu schaffen. 

4. Kondensatormlkrofon nach Anspruch 1 , 2 Oder 3, 
dessen Metallring (12) aus Blech besteht und zu 50 
einer dunnflachigen RIngfonm gebogen ist. 

5. Kondensatormikrofon nach Anspruch 1 , 2, 3 oder 
4, in das des welteren eine mit einem Impedanz- 
wandlerelement (15) bestuckte Leiterplatte (16) 55 
eingebaut ist, die von dem becherfdrmigen Me- 
tallmantel (11) umschlossen ist, und die an einer 
gegenuberliegenden Stirnflache des Metalllrings 



(12) gesichert ist, wobei das Impedanzwandler- 
element (15) uber einen AnschluB (15b) mit dem 
Metallring (12) Kontakt hat. 

6. Kondensatomiikrofon nach Anspruch 5, dessen 
Impedanzwandlerelement (15) uber einen Feld- 
effekttransistor (15) verfugt. dessen Gate- An- 
schluR (15b) zu dem Metallring (12) Kontakt hat. 

7. Kondensatomnikrofon nach Anspruch 5 oder 6, 
dessen Impedanzwandlerelement (15) In dem 
bechertomnigen Metallmantel (11) untergebracht 
ist, der nach innen mit einer eingerollten offenen 
Stirnumrandung (11e) die fest uber und urn eine 
Randkante der Platine geklammert ist. 

8. Kondensalonmikrofon nach Anspruch 5, 6 oder 7, 
desssen Metallring (12) eine Ausnehmung (12a, 
12a_i, 12c_i) In seiner gegenuberliegender Ober- 
flache aufweist, wobei der AnschluB (1 5) von der 
Ausnehmung (12a, 12a_i, 12c_i) aufgenommen 
wireJ und von und zwischen dem Metallring (12) 
und der Platine (16) eingefasst ist. 

9. Kondensatormikrofon nach Anspruch 5, 6 oder 7, 
das des welteren eine Kreisscheibe (12b) aus ei- 
nem Isoliermaterial enthalt, die an der gegen- 
uberstehenden Stirnflache des Matallrings (12) 
und an der Platine (16) gehalten ist, wobei die 
Kreisscheibe (12b) miteiner Mitteloffnung und ei- 
ner radlalen Kerbe (12b_2) versehen Ist, die sich 
von der Mitteloffnung (12b_i) zur SuBeren Ober- 
flache der Kreisscheibe (12b) erstreckt, wobei 
der AnschluB (15b) des Impedanzwandlerele- 
ments (15) und von der radlalen Kert^e aufge- 
nommen und zwischen Metallring (12) Platine 
(16) eingespannt ist 

1 0. Kondensatonmikrofon nach einem der vorstehen- 
den Anspruche, dessen becherfomniger Metall- 
mantel (11) eine ansteigende Oberflache (11g) 
an einer zwischen der Stirnwand (11f) und einer 
Seitenwand (11f) des Metallmantels (11) festge- 
legten Innenecke aufweist. 

1 1 . Kondensatonmi krofon nach einem der vorstehen- 
den Anspruche, dessen Schwingmembran (13) 
einen Durchmesser aufweist, der groBer ats der 
Metallring (12) ist und einen auBeren Endab- 
schnitt (13b) enthalt, der nach auBen aus dem 
Metallring (12) hervorspringt und zum Metallring 
(12) gebogen ist 

12. Kondensatonmikrofon nach einem der vorstehen- 
den Anspruche, dessen Stirnplatte (11a) eine 
Vielzahl von Vorsprungen (11 h) auf ihrer Innen- 
flache aufweist, und die Vorsprunge (11h) Ab- 
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schnitte der Schwingmembran (1 3) von der Stirn- 
wand wegdrSngen. um so einen Luftspalt (19) 
zwischen der Schwingmembran (13) und der 
Stirnplatte (11a) zu schaffen. wobei die Vor- 
sprunge (11 h) Mittel zur Positionierung des Me- 5 
tallrings (12) bezuglicli dem Metallmantel (11) bil- 
den. 



moins une, dudit diaphragme vibrant (13). 

4. Microphone ^ ^lectret seton ta revendication 1 , 2 
ou 3, dans lequel ladite bague mStalllque (12) est 
form^e d partir d'une feuille m^taltique (12c) 
courb^e de mani^re ^ prendre la forme tubutaire 
d'une bague. 



13. Kondensatormikrofon nach einem dervorstehen- 
den Ansprflche, mit einem zwischen der Stirn- io 
platte (11a) des Metaltmantels (11) und der 
Schwingmembran (13) angeordneten Abstands- 
ring (21). 



Revendlcatlons 

1 . Microphone ^ 6lectret comprenant un bottler m6- 
tallique (11) en fonnne de cuvette comprenant une 
paroi d'extr^mit^ (11a) comportant une plurality 20 
d'ouvertures (lid) r6ceptrices de sons qui y sont 
formSes, une bague m6tallique (12) log^e dans 
ledit boilier m^tallique (11). et un diaphragme vi- 
brant (13) comportant, sur une de ses surfaces, 

un film m^tallique d^pos^ (13a) qui est accol^ ^ 25 
une face d'extr^mit^ de ladite bague m^tallique 
(12), ledit diaphragme vibrant (13) se trouvant en 
regard de ladite parol d'extr6mit6 (11a), un inter- 
valle d'air (19) ^tant d^finl entre au moins une 
partle de la parol d'extrSmit^ pr6cit6e (11a) et au 30 
moins une partie dudit diaphragme (13), ledit film 
m^tallique (13a) formant une Electrode mobile 
d'un condensateur comprenant aussi une contre- 
dlectrode fixe 

caract^risS en ce que ladite centre- 35 
Electrode fixe comprend au moins une partle de 
ladite parol d'extr6mit6 (11a) dudit bottler m^talli- 
que (11). 

2. Microphone ^ ^lectret selon la revendication 1, 40 
dans lequel une partie (11c) de la surface int^ 
rieure de ladite parol d'extr^mit^ (11a) est^vid^e 

et, d I'exception de ladite partle ^vidde (11c), la- 
dite paroi d'extr6mit6 (11a) est maintenue en 
contact avec ledit diaphragme vibrant (13), ladite 45 
partle 6vid^e (11c) constltuant ladite contre- 
^tectrode fixe. 

3. Microphone ^ ^iectret selon la revendication 1, 
dans lequel ladite paroi d'extr^mit^ (11a) so 
comporte une saillie (1 1 h) sur sa surface int6rieu- 

re, ladite saillie (11 h) ^tant maintenue en contact 
sous pression avec une partle dudit diaphragme 
vibrant (1 3) de mani^re d Eloigner ledit diaphrag- 
me vibrant de ladite parol d*extr6mit6 (11a) afin 55 
de former ledit espace d'air (19) entre ladite par- 
tie, au nombre d'au moins une, de ladite parol 
d'extr6mlt6 (11a) et ladite partie, au nombre d'au 



5. Microphone A 6lectret selon la revendication 1, 2, 
3 ou 4, comprenant, en outre, une carte (16) de 
circuits imprlm6s comportant un 6l6ment (15) de 
conversion d'imp6dance mont6 sur cette carte, 
ladite carte (16) de circuits Imprimis 6tant log6e 
dans ledit bottler m6tallique (11) en forme de cu- 
vette et ^tant f ix^e d une face d*extr6mit6 oppo- 
s^ede ladite bague m^talllque (12), ledit 6l6ment 
(15) de conversion d'imp^dance comportant une 
borne (15b) maintenue en contact avec ladite ba- 
gue mdtallique (12). 

6. Microphone ^ ^lectret selon la revendication 5, 
dans lequel ledit 6l6ment (15) de conversion 
d'lmpddance comprend un transistor d effet de 
champ, ledit transistor (15) ^ effet de champ 
comportant une borne (15b) de grille maintenue 
en contact avec ladite bague m^tallique (12). 

7. M icrophone ^ ^tectret selon la revendication 5 ou 
6, ledit 6l6ment (15) de conversion d'imp6dance 
6tant dispose dans ledit bottier m^tallique (11) en 
forme de cuvette, ledit bottier m6tallique (11) en 
forme de cuvette comportant un bord (lie) d'ex- 
tr6mit6 ouverte, qui est recourb6 vers rint6rieur 
et est rabattu fenmement sur te bord p6riph6rique 
de ladite carte (16) de circuits imprimis et autour 
de ce bord. 

8. Microphone d ^lectret selon la revendication 5, 6 
ou 7, dans lequel ladite bague m^tallique (12) 
comporte un 6vldement (1 2a; 12a-1; 12c-1) dans 
sa surface oppos^e prScit^e, ladite borne (15b) 
dudit 6l6ment (15) de conversion d'lmp6dance 
6tant log^e dans ledit dvidement (12a, 12a-1; 
12C-1) et 6tant serr6e par, et entre, ladite bague 
m6tallique (12) et ladite carte (16) de circuit Im- 
primS. 

9. Microphone d 6lectret selon la revendication 5, 6 
ou 7, comprenant, en outre, un disque (12b) for- 
m6 d'un mat6riau isolant et f ix6 entre ladite face 
d'extr6mit6 oppos6e de ladite bague m6tallique 
(12) et ladite carte (16) de circuits imprim6s, ledit 
disque (12b) comportant une ouverture centrale 
(12b-1) et une rainure radiale (12b-2) s'6tendant 
depuis ladite ouverture centrale (12b-1) jusqu'A 
la surface p^riph^rique dudit disque (12b), ladite 
borne (15b) dudit 6l6ment (15) de conversion 
d'imp6dance 6tant log6e dans ladite rainure ra- 



9 



17 



EP 0 371 620 B1 



diale (12b-2) et 6tant serr6e par, et entre, ladite 
bague mStallique (12) et ladite carte (16) de cir- 
cuits imprimis. 

ID. Microphone § ^lectret seion I'une quelconque 5 
des revendications pr^c^dentes. dans lequel te- 
dit boitier m6tallique (11) en forme de cuvette 
comporte une surface indin^e (11 g) k I'endroit 
d'un angle int6rieur d6f ini entre ladite parol d'ex- 
tr6mit6 (11a) et une parol lat^rale annutaire (11a) io 
dudit bottler m^talllque (11). 

11. Microphone h ^lectret selon Tune quelconque 
des revendications pr^c^dentes, dans lequel le- 

dit diaphragme vibrant (13) a un diam^tre plus is 
grand que le diam^tre ext^rieur de ladite bague 
mdtallique (12) et conr^prend une partie marginale 
p6riph6rique (13b) qui fait saillie vers I'extferieur 
depuis ladite bague nnStallique (12) et estcoudSe 
en direction de ladite bague m^tallique (12). 20 

12. Microphone d 6lectret selon I'une quelconque 
des revendications pr^c^dentes, dans lequel la- 
dite parol d'extr6nnit6 (11a) comporte une plurali- 
ty de saillies (11 h) sur sa surface int6rleure, et 25 
ces sailtles (11 h) poussent des parties dudit dia- 
phragme vibrant (1 3) de manidre d les Eloigner de 
ladite parol d'extr^mitS (11a) afin de fonmer ledit 
espace d'air (19) entre le diaphragme vibrant (1 3) 

et la parol d'extr^mit^ (11a), lesdites saillies (11 h) 30 
constituant des moyens pour positionner la ba- 
gue mStallique (12) par rapport au bottler m^tallt- 
que(ll). 

13. Microphone k 6lectret selon I'une quelconque 35 
des revendications pr6c6dentes. comprenant, en 
outre, une bague d'espacement (21) dispos^e 
entre ladite paroi d'extr6mit§ (11a) du boitier m6- 
tallique (11) et ledit diaphragme vibrant (13). 
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FIG. 6 
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FIG. 9(a) 
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FIG. 12 
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FIG. 17 
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